While lignins in plants, and in softwood trees in particular, are very recalcitrant and mainly degraded by white rot fungi only (18) , their low-molecular-mass model compounds are more easily degraded by a large variety of micromycetes (16, 26, 33) and bacteria (21, 23, 38) . Actinomycetes which participate in primary degradation and humification of organic matter in neutral or slightly alkaline soils or composts are well adapted to penetrate insoluble substrates, such as lignocellulose (24, 35) . Several Streptomyces strains are able to degrade lignin during their primary metabolic activity (3, 10) ; however, they do not convert it to CO 2 to the same extent as the white rot fungi do (6, 9, 36) .
The main impact of actinomycetes on lignin is to increase its water solubility. Lignin degradation by Streptomyces viridosporus (42) was found to be extensive at pH 8, thus differing from the white rot fungi which degrade lignin at pH 3.5 to 6. Consequently, lignin-solubilizing actinomycetes are more efficient lignin degraders in alkaline soils than are white rot fungi (42) . Strains of the genus Streptomyces can metabolize a number of phenols and lignin-related compounds (11, 47) as can strains of the genus Nocardia (30, 50) . Most species of bacteria, other than actinomycetes, do not attack lignified cell walls; however, substantial lignin degradation was obtained with Pseudomonas, Acinetobacter, and Xanthomonas species (37) . A mixture of bacteria isolated from wastewaters polluted by effluents from pulp and paper mills was shown to degrade tetrameric lignin model compounds via an enzyme system resembling the lignin oxidation system of Phanerochaete chrysosporium (28, 29, 41) , but this is a controversial area and most of this work has not been replicated. For example, one study showed that a Xanthomonas species degraded only low-molecular-weight fractions of lignin, and it was concluded that this bacterium must not secrete extracellular ligninolytic agents (31) . The question of whether bacteria can depolymerize highmolecular-weight lignin remains unresolved.
Among the micromycetes, P. chrysosporium Burdsall, together with its anamorph Sporotrichum pulverulentum Novobranova (1, 17) , has been the most studied species (2, 15, 18) . It was also from P. chrysosporium that lignin peroxidases were first isolated (22, 48, 49) . In nature, it seems likely that bacteria and fungi act together either simultaneously or consecutively to degrade lignin or its breakdown products. It has been shown that different associations between these two kinds of microorganisms may increase the efficiency of degradation of natural lignocelluloses (4) .
In the course of studying degradation of various phenolic compounds by a wide variety of fungi, we noticed the constant presence of bacteria in cultures of P. chrysosporium (25, 44, 46) . A more in-depth study of bacteria from P. chrysosporium, obtained from different origins, showed that different bacterial species were always found to be associated with the fungus. Since these bacteria might have an ecological significance, it was important to identify and characterize them. The main purpose of the present work is to report on the fact that bacteria are omnipresent on P. chrysosporium. However, some characterizations and phenotypic characteristics and the fatty acid analyses of three bacteria isolated from several strains of P. chrysosporium are also presented.
MATERIALS AND METHODS
Origin of fungal strains. The strains of P. chrysosporium used in this study are listed in Table 1 . Strain K3 came from Sweden and has been described previously (27) For maintenance of the fungi, a slant culture of 1.5% malt extract-1.5% agar was used.
Isolation of bacteria. To isolate the bacteria associated with the fungal strains, fungal cultures grown on solid malt extract medium were shaken with sterile distilled water and filtered through sterile Millipore membranes (pore size, 3 m). The filtrates were plated out on solid malt extract medium containing 10 mg of benomyl (Benlate; 50% benomyl; Rhône-Poulenc) liter Ϫ1 to inhibit the growth of the fungus and incubated at 24ЊC. Benomyl was in solution in dimethyl sulfoxide and sterilized by filtration through Teflon filters. The methods used in attempts to separate bacteria from P. chrysosporium and other white rot and brown rot fungi were exactly the same in all respects.
Attempts to eliminate bacteria. Strains of P. chrysosporium were cultivated with antibiotics such as chloramphenicol at concentrations up to 500 mg liter
Ϫ1
. Other antibiotics used were kanamycin (500 mg liter Ϫ1 ), streptomycin (500 mg liter
) and penicillin G (500 U liter
). Heat treatment was carried on in liquid media for 3 days, with stepwise temperature increase from 20 to 60ЊC (5ЊC per step). After sterile filtration, monospore cultures (conidiospores) of the fungal strains were plated out on malt extract agar medium with or without chloramphenicol and incubated at 30ЊC (preferential temperature for the bacteria) and 38ЊC (preferential temperature for P. chrysosporium). Treatment with ozone at concentrations up to 800 ppm was also done. The fungi were cultivated on malt extract agar medium and treated with ozone for 30 days at 24ЊC. The treated microorganisms were reinoculated on new malt extract agar media and kept at 30 and 38ЊC for 3 days. Fungal spores were treated with sodium hypochlorite at various concentrations for 1 to 24 h. Treated spores were reinoculated on new malt extract agar media and kept at 30 and 38ЊC for 3 days.
Identification of bacteria. Identification was performed in three different laboratories which separately conducted the same morphological and biochemical tests (Bactériologie, Centre Hospitalier Universitaire, Grenoble, France; bioMérieux, Lyon, France; and Bacteriology, Göteborg, Sweden). The third laboratory also established additional biochemical features, i.e., fatty acid profiles, and performed numerical analyses of phenotypic features.
All the bacteria were grown on blood-Trypticase soy medium at 30ЊC. The strains were identified by standard microbiological practices. These included microscopic morphology estimation by Gram staining, determination of mobility, and preliminary tests to assay the presence of catalase activity, oxidase activity, oxidation-fermentation, and formation of NO 2 and N 2 . Other biochemical tests were performed as follows. Two of the laboratories (Bactériologie, Centre Hospitalier Universitaire, and bioMérieux) used API 20NE with the V5-1 interpretation database and ID32 GN with the V2-1 interpretation database, with readings performed after 48 h at 30ЊC. The tests by the third laboratory (Bacteriology) were conducted following two approaches: (i) numerical analysis of phenotypic features and (ii) fatty acid analysis. The numerical analysis of phenotypic features has been described previously (12) . It was performed by various biochemical tests using the following methods (numbers refer to parameters): 15 oxidation, 11 fermentation, 9 Dec (3-decarboxylases and other tests), 11 ESC (esculin and other tests), 18 assimilation, and 21 API 20NE. Data were interpreted with 2 databases (NF X 2T CAL computer) using either 89 or 234 taxa. Bacterial cellular fatty acid gas-liquid chromatography analysis was performed as described previously (14) . All strains were incubated on Columbia agar with 5% horse blood for 16 to 24 h at 30ЊC. The methods of harvesting, saponification, methylation, extraction, and washing, as well as the column (25 m by 0.2 mm by 0.33 m; HP-5 cross-linked 5% Ph Me silicone column [5% diphenyl-and 95% dimethyl-polysiloxane]), the Hewlett Packard gas chromatograph (HP 5890A) and autosampler (HP 7673), and the integrator, were identical to those of the MIDI system (MIDI, Newark, Del.). After integration and correction of the area of each peak as a percentage of the total area of the peaks according to the Hewlett Packard standard were performed, a special software package (33a) for peak identification was used to transfer the results to the hard disk of an IBM-compatible computer. Information was handled by database management software (Knowledgeman/Guru), and a software package (by J. Drews and F. Acosta at the Culture Collection at the University of Göteborg) using the Eerola-Lehtonen formula (14) was used for probabilistic calculations and the drawing of dendrograms from cluster analyses.
Growth and temperature profiles. The growth and temperature profiles of the bacteria isolated from P. chrysosporium strains on various solid media were established as follows. Bacteria were cultivated from 4 to 50ЊC on blood medium, Trypticase soy medium, potato dextrose medium, and malt extract medium. The influence of the nature of the media and of the temperature of growth was evaluated after 48 h of cultivation. Verification of the growth temperature of inhibition was done by subculturing the strains at room temperature (22 to 24ЊC).
RESULTS AND DISCUSSION
Isolation of bacteria. Bacteria were isolated repeatedly (30 to 50 times), first in 1988 from P. chrysosporium K3 by the Groupe pour l'Etude du Devenir des Xénobiotiques dans l'Environnement (GEDEXE), Meylan, France, and in the following years also from other strains of P. chrysosporium. In 1992, repeated isolations from P. chrysosporium K3 were performed in two different laboratories (GEDEXE and Bactério-logie, Centre Hospitalier Universitaire). Other white rot fungi and brown rot fungi were treated 20 times in attempts to isolate bacteria. Bacteria could not be isolated from any of the other white rot fungi (23 strains). The same negative result was obtained in the investigation of brown rot fungi (nine strains) (see Materials and Methods).
Various bacteria from all 10 different investigated strains of P. chrysosporium have been isolated. After their purity was established, the bacteria were kept on the same medium at 24ЊC. The number of bacteria (identified or unidentified) isolated from the different P. chrysosporium strains are listed in Table 1 . These bacteria have been included in the Culture Collection at the University of Göteborg, Göteborg, Sweden, under the numbers CCUG 31959 to 31962 and CCUG 32540 to 32544 (Table 1) . Attempts to eliminate bacteria from P. chrysosporium. Attempts to eliminate the bacteria found to be associated with P. chrysosporium were unsuccessful. When the fungal strains were cultivated in the presence of antibiotics, the bacteria disappeared for as long as the antibiotic was present in the culture medium, but in the absence of antibiotics, bacteria could be found after two or three cycles of cultivation on either solid or liquid medium. The bacteria resisted heat treatment up to 60ЊC, while the fungi did not survive temperatures above 50ЊC. With monospore cultures (conidiospores), it seemed that the bacteria disappeared during the first cycles of culture but reappeared in later cycles. We have no explanation for this phenomenon. Treatment with ozone was also unsuccessful at eliminating the bacteria. The sensitivities of the fungal spores and of the bacteria towards sodium hypochlorite were identical, and they either both survived or both died.
Identification of bacteria. The bacteria were characterized by using morphological, physiological, and biochemical tests. The first bacteria isolated were identified as Agrobacterium radiobacter (CCUG 31962, 32540, and 32544) and Pseudomonas cepacia (CCUG 31959, 31961, and 32541).
Further identifications were carried out by using numerical analysis of additional biochemical features, including fatty acid patterns determined by gas-liquid chromatography analysis. These studies confirmed the identification of A. radiobacter. However, a strain initially identified as Pseudomonas cepacia by its fatty acid profile was more likely a Burkholderia sp., more specifically an atypical Burkholderia cepacia; perhaps it represents a new taxon close to the genus Burkholderia. An additional unidentified bacterium (CCUG 31960) isolated from P. chrysosporium K3 was classified in the rRNA superfamily IV-␣ group on the basis of its fatty acid profile (Table 1 and Fig. 1 ).
It should be noted that A. radiobacter was isolated from P. chrysosporium strains ATCC 32629, Wt OGC 101, and ATCC 34540. Burkholderia sp. nov. together with the rRNA superfamily IV-␣ group bacterium was isolated from the fungal strains Wt-C OGC 101 and K3. Two bacteria isolated from Wt OGC 101 (CCUG 32542) and ATCC 34540 (CCUG 32543) remain unidentified. CCUG 32542 resembles Cellulomonas spp. or Arthrobacter spp., while CCUG 32543 is similar to Sphingomonas spp., possibly Sphingomonas paucimobilis. However, characterization of the bacteria was not the real focus of the study presented here, which is rather concerned with the fact that bacteria are omnipresent on P. chrysosporium.
The identification of A. radiobacter (CCUG 32544, 31962, and 32540) has been confirmed by four different methods, API 20NE, ID32 GN, additional biochemical tests, and cellular fatty acid profiles, all giving concordant results. The genus Agrobacterium, first established by Conn (8) , belongs to the family Rhizobiaceae, known to induce cortical hypertrophies on plants (32) . Until recently, a distinction between Agrobacter tumefaciens, which can induce cortical hypertrophy on the roots of many kinds of plants, and A. radiobacter, a closely related but non-tumor-forming strain isolated from soil or the rhizospheres of plants (7) and from clinical specimens (13, 20) , was made. The determination of the 16S rRNA sequences showed that this distinction was groundless. The name A. tumefaciens was rejected because the type strain of this species was assigned to A. radiobacter (45) . However, more recently, after a controversy, it was finally agreed that the name A. Strains CCUG 31959, 31961, and 32541 were identified as Flavimonas oryzihabitans by the ID32 GN system. However, this identification should be considered uncertain, since ID32 GN covers members and nonmembers of the family Enterobacteriaceae. The API 20NE system, which covers only nonmembers of the family Enterobacteriaceae, identified the genus as Pseudomonas. Complementary tests (sorbitol assimilation and xylose acidification) which allowed for the differentiation between Pseudomonas cepacia and Pseudomonas aureofaciens identified the bacterium as being Pseudomonas cepacia.
The genus Pseudomonas has been divided into five distinct groups on the basis of their levels of rRNA-DNA homology, and Pseudomonas cepacia has been included in rRNA group II of the genus Pseudomonas (40) . Pseudomonas cepacia was identified as a section II bacterium in Bergey's Manual of Systematic Bacteriology (39) . It has recently been proposed that seven species belonging to Pseudomonas rRNA group II, including Pseudomonas cepacia, should be transferred to a new genus, Burkholderia, on the basis of polyphasic taxonomy data and that Burkholderia cepacia should be the type species (34, 52) . More recently, three more Pseudomonas species have been transferred into the genus Burkholderia (51) . Pseudomonas cepacia is widely distributed in nature and belongs to a general class of plant-associated or plant-pathogenic bacteria. It has been isolated from rotting onions, soils, and clinical specimens (39) . To our knowledge there is no earlier report concerning its isolation from a fungal strain.
The strain CCUG 31960 has not been identified by using API systems, likely because of the relatively poor discrimination of these systems. The methods employed and the use of available databases have not allowed the classification of this strain to any particular genus. Analysis of the rRNA has suggested that it is close to the genus Pseudomonas and should be classified in the rRNA superfamily IV-␣ group.
The fungal strains ATCC 24725 and 34541, CFMR 5178 and 5179, and BKMF 1767 were included in this study upon the suggestion of reviewers who read earlier versions of this manuscript. It was the contention of these reviewers that at least some of these strains would definitely not have associated bacteria. Obviously, this was not the case as bacteria were isolated from all these strains. However, no attempt has yet been made to identify or characterize the bacteria from these particular strains.
Temperature and growth profiles of isolated bacteria. The temperature and growth profiles of the bacteria isolated from the different strains of P. chrysosporium were of particular interest. If they could grow at 37 to 39ЊC, it might mean that they could have contributed to wrong interpretations of results from earlier studies of P. chrysosporium metabolism, which were routinely carried out at these temperatures. The results (Table 2) showed that all of the bacterial strains grew better on potato dextrose and malt extract media at pH 5.5 than on blood or Trypticase soy media at pH 7.5. At 4ЊC the growth of all the strains was inhibited. The rRNA superfamily IV-␣ group bacterium grew best at 30ЊC but was the most difficult to cultivate of all the isolated strains. Growth was inhibited at 37 to 40ЊC, but the bacterium survived at these temperatures. Pseudomonas cepacia (Burkholderia sp.) grew best between 30 and 37ЊC and continued to grow at 42ЊC. At 50ЊC, growth was inhibited and the bacterium was killed. A. radiobacter grew best between 22 and 30ЊC, its growth was inhibited at 37ЊC, and it did not survive at 42ЊC. The unidentified strain CCUG 32542 behaved in the same way as members of the rRNA superfamily IV-␣ group. The other unidentified strain, 32543, grew best between 22 and 30ЊC and continued to grow at 37ЊC. At 42ЊC, it neither grew nor survived.
The growth profiles showed that the isolated bacteria preferred complex media, such as potato dextrose or malt extract agar media, and an acidic pH, i.e., culture conditions normally preferred by fungi. This is in contrast to most other bacteria, which preferentially grow on media such as blood or Trypticase soy and at more basic pH values. The growth and temperature profiles of the bacterial strains seem to indicate that they might cooperate with P. chrysosporium growing under its natural conditions, i.e., at 20 to 24ЊC and in some cases at 37ЊC, a temperature generally used in laboratory experiments with this fungus.
In laboratory studies of fungi and fungal metabolism, the general tendency is to think that these organisms operate on their own in nature, overlooking the fact that they constantly interact and coexist with other living organisms, not least with bacteria (19, 43) . Having identified an apparently obligate coexistence between the white rot fungus P. chrysosporium and a variety of bacteria, the next step is now to determine its basis. Is it a true symbiosis, or is it more like a host-pathogen relationship? As it now stands, a symbiotic relation seems more likely since all of the isolated and studied bacteria are very efficient degraders of aromatic compounds, such as those derived from fungal degradation of lignin, a specialty of white rot fungi (18) . The metabolic pathways for degradation of lignin model structures by the isolated bacteria are presently being studied. For the rRNA superfamily IV-␣ group bacterium, these studies have already been completed. b Intensity of growth was measured on a scale of ϩ (least intense) to ϩϩϩϩ (most intense). S, survival; No S, no survival; ND, not done. All bacteria tested survived in all four media at 4ЊC.
